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1. INTRODUCTION
1.1 Background

Chicago Metropolita\gency for Planning (CMAP) selected the ARA team to develop pavement
management plans for a selectnumber of locahgenciesrom the CMAP region, including additional

data collection for nofFederal Aid routes. The pavement management plans will provide participating
local agencies with a document that describes the importance and types of pavement preservation, the
current candition of pavemennetwork, scenarios evaluating the cost to meet different netwdekel
pavement conditions, and a recommended capital plan based on the selected paveomeliitionand
spending scenario. The pavement management plan inslsdemary tales, charts, graphics, and

maps depicting current pavement conditand forecasted pavement conditions under different
scenarios. CMAP staffanageal the development of the pavement management plans in conjunction

with City of Markham

As part of this prject, ARA has evaluated the current conditiorCitfy of Markhan@ roadway pavement

networkx A YL SYSYGSR LI @SYSyd YIylFr3aSySyid aeadaSy otaf{ov
condition, generated budget scenario, and recommended futnegntenance and rehaliiation (M&R)

plans

1.2 Project Kick -off and Records Review

The ARA team met with th@ity of Markhamand CMAP representatives for a project kidkmeeting
onJune 262019. Based on the kiekff meeting and documents provided by tétyand CMAP,
pavementdatacompleted bywas collected oduly 6, 2019TheGIS shapefilevas provided by CMAP
andwas used as the base map for the field data collecttity. of Markhanprovided roadway network
segmentation whichvas theprimary source of roadway inventory for theavement management
database TheCityresponded with valuable information to the questionnaire that Afe&elopedfor an
understanding of the PMiiputs available fronthe Cityand any specific project requiremenigheCity
also provided other pavement related attributes such as length, wilthl,functional classin addition,
the Cityprovidedanannual M&R budget from 20 through 202 to plan future activities.The
following documents were reviewed as part of tbffort:

1 GIS shapefile fahe local agency (CMAP)
1 Network Segmentation for collection (CMAP)
1 Review of network segmentation for PMS implementatiGity of Markham

1.3 Network Segmentation

TheCity of Markhanmanagespproximately57.1miles of roadway pavemestconsisting primarily of
asphalt pavementsThe pavement network was divided ifd84 sections based on the feedback
provided by theCity. Figurel shows the network segmentation that was approved by @ity
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Figurel. Pavementnetwork segmentationof City of Markham

1.4 Traffic Data

Average daily traffic (ADT) data for tB&y of Markhammetwork wasobtained from the lllinois
Department of Transportation (IDOT) transportation management system
(http://www.gettingaroundillinois.com/gai.htm?mt=aadlt Tablel shows taffic data based on the
functional classificatioof the streetsFigure2 showsthe annual average daily traffic (AADT) data for
the individual pavement sections.

Tablel. Summary ofCity of Markhamtraffic data.

Functional Class | Length (mile)| Maximum AADT| Minimum AADT
Arterial 1.2 30,900 5,800
Minor Collector 14 625 N/A
Residential 54.5 2,950 N/A
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Figure2. City ofMarkhamQ @nnual average daily traffi(AADT data.

2. FIELD DATA COLLECTI®N AND ASSESSMENT
2.1 Digital Survey Vehicle (DSV)

ARA collected gereferenced images of the entit@ity of Markhanroadwaynetwork using the DSdh

July 26,2019 ! w ! O3¥H equipped with the Laser Crack Measurement System (LCMS), slkogumen

3, capturesimagesat 200 AY G SNIIf ad 9 OK AYl IS Abdarddistsghte NI & NB
measuring instrument (DMI) and associated global positioning system (GPS) coordinates:-lBoetwo
Cityhighways, ARA collected images in a single direction. IHdoerpavement sections, data was

collected in the outermost lane in bothrdctions.
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Figure3® ! ‘asefxdack measurement system
The LCMS captures enhanced righitvay images using a 360° camera system. The images were used to
assess the surface condition of the pavement using the Pave@mmdition Index (PCI) methodoloigy
accordance with ASTM D6438 addition to the imagesensor data was collectadcludingthe
International Roughness Index (IBhdrutting for all thesegmentsThe weighted average IRI value of
the Citynetwork is298A Y OKK YA f S g KAOK AYRAOFGSa GKS ySig2N]
pavement roughness (see Appendix A for full scale of IRI valRéis)an index to expregsavement
roughness, which is an expression of the irregularities in a pavesoeface that adversely affect the
ride quality of a vehicle.

2.2 Pavement Condition Index Procedure

The pavement condition index (PCI) is a measurement of pavement condition which ranges from 0 to
100.This is anndustry standard defined in ASTM D6438ePCl value and corresponding pavement
condition rating are shown iRigure4. A newly constructed pavement will have a PCI of 100 whereas a
failed pavement will have a PCIdf or less. After the construction of pavements, the condition of
pavement starts deteriorating with time due to traffic loads and volumes, climate, congtructi
materials, and agdexamples of common traffic load related distresses are fatigue cracking, corner
break, etc. whereas block cracking, longitudinal and transverse cracking, etc. are climate related
distresses.
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Figure4. Pavementcondition category based on PCI value
A PCI survey allows users to compare all pavements on a common scale and provides an index for
monitoring pavement deterioration and treatment selection during the PMS analysis. Typically, PCI
surveys are conducted foain-ground in the field. The modified version allows the use of digital images
to perform the survey in an office environment artdl provides the highest detail of distress rating.

l'w! Q& [/ a{ & &apa&MenhdRtRssésaid kefaits type, severity, and extent of key
pavement distresseas shown irFigure5. Somesample pavement surface images with representative
PCI valueare shown irFigures6.

Ten percent of the surveyed sections were subjected to an internal quality assurance survey by an
independent surveyor. After completion of the PCI calculation, visual checks were performed to ensure
that the PCI values are representative of the suneeiyeages.
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Figure5. Pavementistress detection using CMSsystem.
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2.3 Pavement Network and Current Condition

After performing arautomated condition survey with the collected images, the inspection dats w
importedinii 2 (1 KS t ! + 9TheyARAteam (présertel the pavement condition results to the
Cityand CMAP oQctober22, 2019 ARA was not able to collect data from 47 sewsitbecause they
were inaccessible; therefore, these sections were not included in the an@gsied on theAugust2019
pavement condition survey, the weighted average &f@he networkis 55.3 which representshe
pavement network is ifair condition.

Table2 shows the pavement condition, percent area, number of sections nantber of sectiondy
pavement surface typd=igure7 displays average pavement condition by pavement surface type. From
Table2, it can be seen that 99% of the pavement surfac€ibf of Markhammetwork is built with

asphalt concret€d AC). Howevethere are four Portland cememoncrete (PCC) sections in tG&yQ a
network.

Table2. Pavementcondition, percent area, andiumber of sectiondy pavement surface type

F aven Ient Nun‘bel’ Of
0
Surface Type Wt. AvgPCI Area(SqFt) YoArea Secti

Asphalt Concrete (AC) 55.1 6,679,050 99 483
Portland Cement Concrete (PC 70.0 92,672 1 4

100 -
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70.0
70 -

60 - 55.1
50 +

40 -
30 -
20 -

Pavement Condition Index (PCI)

10 -

AC PCC
Pavement Surface Type

Figure7. Averagepavement condition by pavement surface type
Figure8 showsthe distribution of network pavement aredased on pavement current conditisrit
can be noticed that no pavement section is in fabeddition as of August 2019.
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Figure8. Distribution of network pavement area based on pavement condition
In Figure$, it can beobservedthat about1% of the network pavement ardéai Yeri) O2 Y RAGA 2y @
About22% of the pavement area is @ ddErondition. It can also be seen that abo8%% of the
networkisA yYpooND) O2 Y RA (i A 2 P4A%wkie Néwordis A air@izdition. Only 8% of the
YyStig2N] LI @S vafisfadtorn® NSY R AWIAYRY O2yRAGAZ2Y D
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Figure9. Weighted average pavement condition index (PCIl) baseduwnttional class
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Figure9 displays the current pavement condition distributions based on the functional class. It can be
seen that both arterial and minor collectors are in fair condition whereas residential pavements are in
poor condition.

FigurelOshows detail distribution of pavement condition based on the functional class. It can be
noticed that ®% ofthe residential pavements are in poor, very poor, and serious conditions.

0% Arterial™~1.2 mile Minor Collector~1.4 mile
5%
20% m Failed m Failed

W Serious W Serious

W Very Poor W Very Poor
Poor Poor
Fair Fair

74% Satisfactory 68% Satisfactory
N Good H Good

1% Residential™~54.6 miles

B Failed

W Serious

W Very Poor
22% Poor
Fair
37% Satisfactory

B Good

FigurelO. Details of thepavement condition distribution based othe functional class
Figurell showsthe pavement condition ratingategaiesfor the CityQ @avement sectiond=romFigure
11, it can be seen that major roads suchviest159" Street ish yairQd O 2 y Gitjréadsaughdas
Wood Streeisin WF I A N2, wheteadRtall 159" Plis in poor condition.
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Figurell City of Markhanf2 @urrent pavement condition ratings

3. PAVEMENT MANAGEMENBYSTEM IMPLEMENTATI®

While presenting the pavement condition data to @&y of Markhamand CMAP ite ARA team
discussedhe scope oPMS analysi®ctober 2, 2019. ARAeam discussegavement performance
models, treatment matrix, unit costs, and consequences of severalrfgradienarios. Based on the
CiQad FSSRoOIF Ol 2y t a{compietedihe AMSZnialydis il results!are préskenyed in
this section.

l'w! dzZASR t! +9wxu LI @SYSyd YIylF3aSYSyid az2Fideél NB G2 A
(PMS) foCity of Markhamt | + 9wu LINP @A RSA& LI @SYSy (a) dédelgprartiSYSy i Ol
organize the pavement inventorfb) assess the current condition of pavemer{t3 develop models to

predict future conditions(d) report on past and future pavement performanc¢e) develop scenarios

for M&R based on budget or condition requiremerdad ) plan projects.
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3.1 PAVERA Pavement Management System Overview

Figurel2showsthe variousY 2 Rdzf S& 2 F sofiware whichinel@desu

T

Inventoryt The inventory module is designed based on a hierarchical structure including
network, branch, and sections wheassection is the smallest pavement unit managed by the
agency. This structure allows users to easily organize their inventory while providing numerous
fields and levels for storing pavement data.

Work Historyt Similar to the inventory modulehe work hisbry module also follows the
KASNI NOKAOFf &0dNHZ2GdzZNE® ¢2 dzLJRFGSR | LI @SYSyi
to have the network, branch, and section information.

Inspectiont In the inspection module, pavement can be surveyed manuallgeoautomated
survey data can be imported and modified, and finally PCI is being calculated.

PCI Family Model The PCI family model module is used to create pavement performance
modek. Basically, it uses historical pavement conditonl agedata.

Conditon Analysig The condition analysis module is used to analyze or predict the condition
of the entire or part of the networKThis feature reports past conditions based on prior
interpolated values between previous inspections and projected conditlased on prediction
models.

M&R Family Models M&R Family Models module is used to select treatment, treatment
conseguences, unit costs, and treatment matrix.

M&R Working Plans M&R working plans module alloveseatingmulti-year network and

project levé M&R planning, scheduling, and budgeting. This module allows the users to create
consequence of current funding level and generates funding scenarios for targeted PCI, backlog
eliminations, etc

Reportst  This module facilitatethe generation of summargharts, latest condition magp and
userdefined reports. The users can pick and choose the attributes fields to create a report.
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Figurel2. An overviewoft | + 9 wu &
3.2 Pavement Performance Model

A PMS is only useful for making demis if performance models can be established, validated, and

relied upon to accurately forecast pavement conditions into the futdr@avement performance model

is developed based on the date of construction for new pavement and date of resurfacingdoerday

or mill and overlay, the types and thicknesses of pavement materials, the traffic level, and the pavement
condition.The pavement performance model becomes more accurate with multiple pavement condition
ratings, as the model gets calibrated anduatied to match the conditions present at the time in a

LI oSYSyidQa tAFS OeoOfSo

¢KS t/L ClFrYAf@ a2RSfa Y2RdZ S Ay t! +9wu KSftLBA (G2 A
that are subjected to similar traffic, weather, and other factors affeciagement performance. The
pavement condition historical data are used to build a model that can accurately predict the future
performance of a group of pavements with similar attributes.

Pavement age data was not available; therefore, the pavement perfocsanodelfrom a neghbar city

with comparable conditiomas been usedas shownn Figurel3. Allasphalt surfaced pavemenigere

assigned to this modeThere are only four pavement sections in the City of Markham network with a

concrete surface. Therefore, a default pavement perforfiOS Y2 RSt FNRY GKS t! +9wnu
for the concrete pavement.
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